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Gender differences in aging: cognition,

emotions, and neuroimaging studies
Raquel E. Gur, MD, PhD; Ruben C. Gur, PhD

Gender and aging moderate brain-behavior relationships.
Advances in neuroscience enable integration of neurobe-
havioral, neuroanatomic, and neurophysiologic measures.
Here we present neurobehavioral studies that examine
cognitive and emotion processing in healthy men and
women and highlight the effects of sex differences and
aging. Neuroanatomic studies with magnetic resonance
imaging (MRI) indicate that the progressive decrease in
brain volume affects frontotemporal brain regions in men
more than in women. Functional imaging methods sug-
gest sex differences in rate of blood flow, pattern of glu-
cose metabolism, and receptor activity. The role of ovari-
an hormones is important in elucidating the observed
relationships. A life span perspective on gender differences
through the integration of available methodologies
will advance understanding healthy people and the effects
of brain disorders.

Dialogues Clin Neurosci. 2002;4:197-210.

here is extensive literature documenting the
moderating effects of healthy aging and gender on cog-
nition. Convergent multidisciplinary efforts, mostly in
young adults, have helped identify neural systems asso-
ciated with behavioral domains. Age effects on behavior
and brain parameters are already observed in young
adulthood. These indicate more pronounced age-related

changes in men than in women. Sex differences are
salient in the aging process, and there is increasing evi-
dence for the role of ovarian hormones in mediating
behavior and brain function. Therefore, an integrative
approach to examining the aging process in men and
women, through the application of neuroimaging, can be
helpful in elucidating the neurobehavioral differences.

Age and gender effects on cognition
and emotion processing

Age effects on cognition have been studied extensively.
Measures of intellectual abilities and vocabulary, the
“crystallized” abilities, are more resistant to age effects
than “fluid” abilities,' such as attention and executive
functions. There is age-related decline in processing
speed.? Memory functions seem most affected, particu-
larly those related to source memory (“episodic” or
“explicit”).*" Sex differences in cognition have been
well documented. Women perform better on verbal and
memory tasks, whereas men excel in spatial tasks." '
However, sex differences in aging effects have not been
established across the life span. Some evidence suggests
that women show less age-associated cognitive decline
than men.""* Our data on young adults (age 1845 years)
indicate that men show significant decline in several neu-
rocognitive domains while women evince no decline.
However, in small samples of older adults the decline
rate seems similar.

We have initially studied sex difference in neurocogni-
tive measures with a standardized battery that examines
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Selected abbreviations and acronyms

BOLD  blood oxygenation level-dependent
CBF cerebral blood flow

CSF cerebrospinal fluid

CVLT  California Verbal Learning Test
JMRI functional magnetic resonance imaging
GM gray matter

WM white matter

8 neurobehavioral domains.*” In a sample of 241
healthy young adults, aged 18 to 45 (124 men, 117 pre-
menopausal women), we have observed sex differences
in 3 of the 8 behavioral domains. Women had better ver-
bal memory, and men performed better on spatial and
motor tasks. However, we did not observe better per-
formance in women for the language domain (Figure I).
In examining components of domains that show sex dif-
ferences, we find that the verbal memory advantage for
women is accounted for primarily by performance on
the California Verbal Learning Test (CVLT,” Figure 2),
whereas the advantage for men in spatial abilities is

. Men

Women

accounted for by performance on Benton’s Line
Orientation Test.”

Some sex differences are manifested not in the profile
of abilities, but in the effects of aging within the range of
young adulthood. In our sample, no significant correla-
tions were observed between age and any of the behav-
ioral measures in women (correlations ranged from
-0.15 to 0.09). For men, however, increased age was asso-
ciated with decrease in performance on attention (r=-
0.43, P=0.0001), verbal memory (r=-0.20, P=0.029), spa-
tial memory (r=-0.34, P=0.0001), and spatial abilities
(r=-0.33, P=0.0002) (all df=122, all P values are 2-tailed)
(Figures 3 and 4). It would be interesting to examine the
associations of these measures with testosterone levels.
We noted several limitations to the traditional battery
approach. The battery is lengthy, and each test provides
measures that are difficult to link with current knowl-
edge on brain systems regulating behavior. Furthermore,
tests comprising such batteries are not readily applied
in functional imaging studies, and few alternative forms
are available for repeated testing. To address these lim-
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Figure 1. Sex differences by function in the standard battery. ABF, abstraction/flexibility; ATT, attention; VMEM, verbal memory; SMEM, spatial

memory; LAN, language; SPA, spatial; SEN, sensory; MOT, motor.
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Figure 2. Sex differences in verbal learning as measured with the California Verbal Learning Test (CVLT). M1 to M5, Monday lists 1 through 5; Tue,
Tuesday (interference) list; SD, short delay; SD-C, short delay—cued recall; LD, long delay; LD-C, long delay—cued recall; REC, recognition.

B ven (N=120)
Women (N=92)

0.6
0.4
02 - P=0.01
P=0.05
r 0 _— '_
I l . P=0.05
-0.2 1 P=0.01
-0.4 1
-0.6

ABF ATT VMEM SMEM  LAN SPA SEN MOT

Figure 3. Correlations of neurocognitive domains with age in healthy controls (aged 18-45 years) for men and women. ABF, abstraction/
flexibility; ATT, attention; VMEM, verbal memory; SMEM, spatial memory; LAN, language; SPA, spatial; SEN, sensory; MOT, motor.

199



Clinical research

Men
25 —
2 —
15 .
1| m %y am g om
| |
= n - n
o 05 XV U
o m _a"
] 0 _“.l;_i ’
N - ~
-0.5 — L
| - m = -- | 1
-1 - [ ] L . .
u % | ]
1.5 am =
H u
2 -
r=-0.48, P=0.001
2.3 T T T T T |

15 20 25 30 35 40 45

Age (years)

Women

2.5 T T T T T |
15 20 25 30 35 40 45

Age (years)

Figure 4. Scatterplot showing the correlation between age and performance in healthy subjects on the attention domain for men and women.

itations, we have developed a set of computerized neuro-
behavioral measures aiming specifically at integration
with structural and functional neuroimaging studies. Our
general approach to task development and validation
process was detailed in Gur et al.”> Advantages of the
computerized battery include: (i) each measure is
designed to probe a narrow and well-defined neurobe-
havioral domain; (ii) more uniform presentation of test
stimuli; (iii) errorless data entry and scoring; (iv) avail-
ability of reaction time data; (v) shorter time for admin-
istration; and (vi) alternative forms can be readily gen-
erated using set algorithms. The main disadvantages of
computerized testing are: (i) it is more “impersonal”; (ii)
some participants, particularly the elderly, dislike com-
puters or require training; and (iii) tests are not yet avail-
able for some well-validated indices of language func-
tioning, particularly those involving verbal output (eg,
vocabulary, verbal fluency). However, our experience
with computerized testing indicates that the first two dis-
advantages can be overcome, and the third can be
addressed with available technology. Most older adults
respond well to computerized testing, if approached

properly, and we have developed a short module that
trains participants in the use of the mouse to the level
required for testing. The advantages of computerized
testing have been clearly manifested.” The normative
data have shown very favorable psychometric charac-
teristics such as high inter-item consistency (Cronbach’s
alpha), test-retest reliability, and comparable levels of
difficulty (at 70% to 80% correct for the normative sam-
ple) and true-score variance. Our efforts to generate the
kind of sensitivity that will permit differentiation with-
in healthy people have also been successful. As can be
seen in Figure 5, the summary scores show sex differ-
ences in young adults. The pattern of sex differences
duplicates that obtained with traditional batteries, but
adds the finding that women do better in facial memo-
ry, not available in the traditional battery. Measures of
reaction and testing time provide an efficiency (accura-
cy/time) index, used to calculate comparable z scores
across tests. Algorithms can generate multiple forms for
repeated administration, and error analysis is performed
for items and parameters to examine strategy and per-
sistence.**
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Figure 5. Sex differences by function in the computerized battery. ABF, abstraction/flexibility; ATT, attention; VMEM, verbal memory; FMEM, facial
memory; SMEM, spatial memory; LAN, language; SPA, spatial; SEN, sensory; MOT, motor.

Less is known about age effects on emotion processing.
Perceiving, experiencing, and expressing emotions seem
essential capacities, and more recently the study of emotion
has benefited from converging methodologies in animals
and humans.** The face has been the main target of study
in humans, and methods were applied to quantify expres-
sion of emotion with cross-cultural consistency.”*
Standardized tools have been developed for measuring
emotion discrimination,” mood induction,®* affective
valence, and arousal.”” Emotional displays that can be reli-
ably coded in the face are happiness, sadness, anger, fear,
and disgust (surprise is more controversial). There is also
increased agreement that emotion processing is not
restricted to the “limbic system” and involves cortical
regions, where it seems to be organized, perhaps parallel to
the “cognitive” system, along laterality and anterior—pos-
terior dimensions.** There is controversy about whether
emotional expression is lateralized, although a meta-analy-
sis by Borod et al” seems to confirm that negative emotions
are expressed more intensely on the left side of the face,
whereas the opposite holds for positive emotions.” There
is more agreement, though fewer data, that receptive, expe-

riential, and expressive aspects of emotion processing can
be mapped to frontal, temporal, and parieto-occipital
involvement, respectively. This interaction between the
emotion and cognitive systems,"* particularly as it applies
to memory, is an issue of current interest.*

Large-scale studies with standardized measures™ have indi-
cated that elderly people are in better mood than their
young counterparts.”> Nonetheless, studies measuring
emotion processing suggest some deficits.” Gross et al”
examined cross-cultural samples for age differences and
concluded that older adults reported fewer negative emo-
tional experiences and greater emotional control. However,
findings regarding emotional expressivity were less consis-
tent, with older participants reporting less expressivity.
There is also evidence that the elderly are more vulnerable
than the young to adverse effects of negative emotional
states on memory™ and other cognitive abilities. Indeed, it
has been suggested that depressed mood is the strongest
predictor of health decline in the elderly.”

Sex differences were observed in affect and emotion pro-
cessing.””> Women perform better in speeded emotion
recognition tasks® and in tasks requiring facial expression
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of emotions.** In a study of facial recognition, we report-
ed sex differences in sensitivity to happy and sad expres-
sions depending on the poser’s sex. Women were more
sensitive to opposite than to same-sex expressions, where-
as men were differentially poor at detecting sadness in
female faces.”” Regarding emotional experience, women
are more prone to clinical depression,” mood fluctuations
associated with phases of the menstrual cycle have been
documented,”® and such phase-associated hormonal
changes may relate to cognitive performance.”” Sex dif-
ferences in aging may interact with these effects, but sys-
tematic data are not available.

Age effects on brain anatomy related to
memory and emotion processing

Magnetic resonance imaging (MRI) studies of the
brain have documented that aging is associated with
progressive parenchymal volume decrease and cere-
brospinal fluid (CSF) volume increase.”™ The effect is
consistent with neuronal atrophy, but the cellular
changes accounting for the volumetric findings are still
unclear.” Brain volume shows small but consistent cor-
relations with cognitive performance.””” Some stud-
ies suggest that the volume decrease with age is in gray
matter (GM) tissue,”™ while others report a decrease
also in the white matter (WM) compartment.” There
is more consistency in the regional distribution of
effects, with mesolimbic, temporal, and frontal regions
showing greater vulnerability.”>”*% Sex differences
have been observed in the compartmental composition
of intracranial volumes,*® in the volume and density
of language-associated cortex,*¥ and in the rate of
age-associated changes.”””*” While the data indicate
less parenchymal loss in women than in men, particu-
larly for frontal and temporal regions, samples were
limited in the elderly cohorts. Our data in the elderly
suggest similar rates of tissue loss in men and women,
perhaps reflecting an acceleration following menopause.
These neuroanatomic findings seem congruent with
age-related changes in memory and emotion. Henkel
et al® concluded that age-related decline in source
memory affects “processes involved in binding fea-
tures into complex memories and [...] contextual fea-
tures of memories.” Neural substrates for the source
memory system implicate the mesial temporal and
frontal regions.**” Henkel et al’s* hypothesis, based on
behavioral data, is supported in Raz et al’s study.”

While the volume of limbic structures was unrelated
to cognitive functions across the age range, in older
participants reduction predicted declines in explicit
memory.

Neural substrates for age-related changes in affect are
less clearly defined, although recent work affords some
hypotheses that should be tested. Studies on networks
for emotion have implicated the amygdala, hypotha-
lamus, mesocorticolimbic dopaminergic systems, and
projections to orbital and dorsolateral frontal, tempo-
ral, and parietal cortex.**” Studies in patients with
brain lesions support the role of these regions in emo-
tion regulation.”** The link between age-related
changes in neuroanatomy and performance on such
tasks has not been established.

To evaluate how these effects extend across age-
groups, we have examined whole-brain volumes for
young and older adults. The correlation between age
and total intracranial volume was nil (r=0.02), indicat-
ing no secular drift in head size. For the young (<50
years) sample considered separately, there was a small
yet significant correlation between age and GM vol-
ume (r=-0.17, df=130, P<0.05). This correlation was
higher in men (r=-0.27, df=74, P<0.01) than in women
(r=-0.01, df=54, ns). Age did not correlate significant-
ly with WM or CSF volumes in this age-group. For the
entire age range, GM continues to decline in volume
with aging, r(184)=-0.49, r(92)=-0.52, and r(90)=-0.40
for the whole sample, males and females, respectively,
all P<0.0001, whereas the volume of CSF continues to
increase with age (the corresponding correlations were
0.31,0.45, and 0.29, all P<0.0001). WM changes are less
clear. Although the correlation with age is not signifi-
cant for the entire sample, r=0.09, within each sex the
correlations were small but positive, r=0.28, P=0.01
and r=0.24, P=0.02. This likely reflects the large sex
difference in the volume of WM. We conclude that
GM volume is reduced with aging, CSF volume
increases concomitantly, while WM volume does not
change appreciably and is perhaps increased slightly.
While the effects of GM and CSF agree with a recent
study by Guttmann et al,” their conclusion regarding
WM was that its percentage of the intracranial com-
partments is reduced with aging. In comparing our
results on WM, it appears that they examined only per-
centages and not raw volumes. In the case of
Guttmann et al’s”study, reduced % WM could reflect
age effects on another compartment, for example,
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Figure 6. Scatterplots of age by parenchymal volume (left), age by the California Verbal Learning Test (CVLT) word recall (middle), and volume by CVLT
word recall (right) in men (solid squares) and women (empty circles).

increased CSF. Perhaps the paucity of subjects in our
elderly group is matched by the paucity of theirs in the
young group (10 participants <40 years). This under-
scores the need for large samples across the life span.
Our sample also enabled examination of whether
these volume changes are related to cognitive per-
formance. While the young and elderly participants
received age-appropriate neuropsychological batter-
ies, both groups received several identical tests. Most
relevant is the CVLT, which measures rate of verbal
learning. The total number of items recalled during the
memorization trials was correlated with the volumes
of brain parenchyma (GM and WM combined), par-
tialling out age. As can be seen in Figure 6, parenchy-
mal volume goes down with age, number of words
recalled also declines, and the parenchymal volume is
associated with memory (even with age effects par-
tialled out).

Age effects on brain physiologic activity
related to memory and emotion processing

The feasibility of studying neural substrates of behavior
is enhanced by functional imaging methods for measur-
ing regional brain activity. Activation patterns are linked
to performance on cognitive tasks requiring verbal, spa-
tial, attention, memory, and facial processing. The study
of age effects on regional brain physiology has been
quite extensive, with considerable agreement that cere-
bral blood flow (CBF) shows age-related decline even
in people screened for cerebrovascular disorders.”””
Similarly, measures of neurotransmitter function have
shown reduced availability of both dopaminergic and
serotonergic transmitter activity.®'"" The decline has
been linked to performance on behavioral tasks related
to the dopaminergic system.'™'"" The effects of aging on
glucose metabolism are less clear, although it too shows
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decline, particularly in frontal and temporal regions.'*'*
Of most relevance to the study of the memory and emo-
tion systems, Cherrier et al'” have examined correlations
between mood state self-ratings and cerebral metabolism
during PET "F-FDG in 27 persons with age-associated
memory impairment (aged 44-81 years). Specifically,
regions involved in both mood and memory had similar
abnormalities. There have been reports of boredom
related to mesial temporal and parietal asymmetry as
well as decreased parietal metabolism. Mood ratings of
fatigue correlated with basal ganglia asymmetry and
left mesial temporal metabolism. These findings suggest
that mood changes may influence metabolism in brain
regions implicated in emotion and memory function.
There are fewer data on the effects of aging on regional
brain activation in response to task demands. Using
the '"Xe method, we found substantial age-related
decline in overall CBF values,'®but the pattern of later-
alized changes in response to verbal and spatial tasks
was identical in young and elderly people. However, we
used tasks that are quite resistant to age effects, and the
results may differ for tasks showing greater age-related
decline.'” Indeed, Cabeza et al'’found less frontal acti-
vation, measured with H,”O PET CBEF, in elderly peo-
ple for a memory task. Madden et al'! in a CBF study
using SPECT reported that several CBF activations
were greater for young than for older adults. However,
they observed that, although performance demonstrat-
ed “a greater age-related slowing for visual encoding
than for semantic retrieval,” these changes “were not
associated with corresponding changes in rCBF activa-
tion.” The association between CBF activation and per-
formance, and the effects of aging on this association,
merit further elucidation.

Several studies examined emotion processing with func-
tional neuroimaging methods in healthy people. With
the **Xe method for measuring cortical CBF during
processing emotional facial expressions, we noted
increased right temporoparietal activity."> With a mood
induction procedure, increased CBF was observed dur-
ing sad induction and correlated with mood change.'
In a PET study with H,”O, we reported a CBF increase
in the left amygdala and a CBF decrease in the right
amygdala during sad mood. We found a reciprocal rela-
tionship between subcortical and cortical activation.
These changes correlated again with a shift in affect.'
Subsequent studies with PET and functional MRI
(fMRI) have confirmed the lesion data, implicating

amygdala and anterior brain regions in mood, while
posterior regions seem activated in visual emotion dis-
crimination.!>"*

Unlike neuroanatomic studies that have consistently
examined sex differences and age effects, there is a
paucity of neurophysiologic studies that have examined
these factors. Using the **Xe CBF method, we reported
that women have higher rates of cortical CBE,"” and this
finding was replicated and extended to other methods
that measure CBF for the entire cranium.”*''* We
found about equal rates of age-associated reduction in
CBF in men and women,'"™ and this has also been
reported in other studies,"" although samples were usu-
ally small in the elderly range. No studies have linked
changes in CBF activation to sex differences in age-
related neuroanatomic changes and to performance of
memory and emotion tasks.

More recently, fMRI has been increasingly used for mea-
suring regional brain activation. The method has several
potential advantages: higher spatial and temporal resolu-
tion, noninvasiveness and lack of ionizing radiation, direct
correlation with anatomical imaging, greater repeatabili-
ty, and economy. The disadvantages of fMRI techniques
include: loud background noise generated by the gradi-
ents; difficulties in presenting stimuli and performing tasks
in the magnet bore; claustrophobia; low signal-to-noise for
most methods; and lack of quantification in physiologic
units for most methods. Among the various fMRI meth-
ods, blood oxygenation level-dependent (BOLD) imag-
ing has been most widely applied. This technique relies on
magnetic susceptibility effects of deoxyhemoglobin, which
cause regional decreases in signal in imaging sequences
sensitive to susceptibility (eg, echoplanar). With regional
brain activation studies, a net increase in signal intensity is
observed in regions known to be activated by the task.The
increase in image intensity corresponds to a local decrease
in deoxyhemoglobin. This is attributed to an increase in
regional blood flow compared to regional oxygen con-
sumption. A typical response is a 1% to 25% increase in
regional image intensity, which develops over 3 to 8 sec-
onds following task initiation. Susceptibility effects are
field dependent so, using the 4-T magnet available to us,
an initial decrease in signal intensity is detectable in the
first 1 to 2 seconds following stimulation, corresponding to
a focal increase in deoxyhemoglobin. When combined
with ultrafast echoplanar imaging (~100 ms per slice), the
time course of signal change in response to individual stim-
uli can thus be observed.
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To evaluate task-induced regional activation, we have
applied a verbal and a spatial task previously demon-
strating regional activation with other methods.”'%!"
This study examined activation for a spatial task
(judgment of line orientation) compared with a ver-
bal reasoning task (analogies) in a sample of 29
healthy participants (15 men and 14 women). Task
difficulty was manipulated. An image-based multi-
subject analysis was performed by registering the
brains of the different subjects. A well-characterized
brain registration algorithm was used to register the
T1 images from the different subjects to that of one
particular subject. The registration transformation
was also performed on the statistical images. Once
registered, the statistics were summed across subjects
and divided by the square root of the number of sub-
jects, as is appropriate for independent, normally dis-
tributed variables. The statistical images were
smoothed by convolution with a Gaussian kernel
with full width at half maximum of 12 mm and
thresholded at a P value of 0.05 corrected for multi-
ple comparisons using the theory of Gaussian ran-
dom fields.

The activation map in Figure 7' indicates that the
hypothesized left-lateralized changes were seen for
the verbal task in posterior temporal and inferior
parietal regions, while right-lateralized increase was
seen for the spatial task in these regions. This image-
based analysis revealed a distributed network of cor-
tical regions, which expanded for the hard verbal task
and became more circumscribed for the hard spatial
task. This effect was more pronounced in men than in
women. The task by hemisphere interactions for the
hypothesized inferior parietal, superior temporal, and
planum temporale regions were significant at an
order of magnitude comparable to what we have
obtained with other methods (all P<0.001).” Thus, it
appears that spatial processing requires, for harder
tasks, greater reliance on visual association cortex
with minimal activation of other areas. Poorer per-
formance in women may relate to continued reliance
on supplementary strategies, perhaps verbal, which
are ineffective for the success on the harder spatial
items. Such studies may help elucidate neural sub-
strates of cognitive strategies for problem solving.
Effects of aging on regional activation in relation to
cognitive strategies have not yet been examined with
fMRI.

The study of ovarian aging

As is generally the case for age-related changes, the hor-
monal environment can have pervasive effects that
require scrutiny, not only during early development,'®
but also during the perimenopausal phase. Menopause
is a single event in a progressive process of ovarian aging
beginning with increased frequency of menstrual dis-
turbances and anovulation as follicular units are deplet-
ed. The process is accelerated after age 37, ultimately
culminating in the virtual absence of follicles and capac-
ity to generate significant quantities of estradiol. The
median chronological age at menopause in the USA is
51.4 years (range 48 to 55 years). Estrogen decrease is
associated with substantial central nervous system
(CNS) alterations including vasomotor instability, insom-
nia, depression, and cognitive decline.’” Recent studies
suggest that estrogen has a protective effect with respect
to onset of Alzheimer’s disease and cognitive decline.”
There is evidence that neurobiologic processes triggered
by the hormonal changes exert influence by affecting
neurotransmitter availability, cerebral perfusion, and
perhaps by eliminating neuroprotective effects of estro-
gen.'”' In a recent study by Matteis et al,” using tran-
scranial Doppler ultrasonography, they found, as we did,
higher flow estimates in women than men overall.
However, a subgroup of 15 postmenopausal women
aged 48 to 53 years had lower flow values than 15 pre-
menopausal women of the same age, or any other group.

Conclusions

There is increasing evidence across behavioral, neuro-
anatomic, and neurophysiologic domains that sex diffe-
rences play a prominent role in modulating the effects
of aging on brain function. The overall finding is that
age-related decline begins earlier in men than in women.
The decline is most pronounced in frontotemporal
regions associated with attention, inhibition, and mem-
ory. More specific tasks using a computerized approach
can help better delineate associations between age-
related decline and aspects of cognitive and emotion
processing. The sex differences in brain aging may be
further investigated on the molecular level and data on
other physiologic parameters, such as glucose and oxy-
gen metabolism and receptor function, could help fur-
ther elucidate mechanisms for explaining these differ-
ences. Such studies could ultimately help explain a range
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Figure 7. Blood oxygenation level-dependent (BOLD) activation for men and women during performance of easy and hard verbal and spatial tasks.
Reproduced from reference 121: Gur RC, Alsop D, Glahn D, et al. An fMRI study of sex differences in regional activation to a verbal and a spatial task. Brain

Lang. 2000;74:157-170. Copyright © 2000, Elsevier Science.

of phenomena related to sex differences including cog-
nition and emotion processing.

Although we have focused on findings in healthy peo-
ple, the effects have implications for brain disorders
where gender differences have been observed across the
life span. For example, neurodevelopmental disorders
such as attention deficit and learning disabilities are
more common in boys, schizophrenia is more severe in
young men, and depression is more common in women.

Understanding the neural basis of these disorders can be
advanced by considering sex differences in brain func-
tion. The clinical implications of these findings need to
be examined in relation to disease presentation and
course. In view of the greater vulnerability of males in
prefrontal regions, one would expect brain disorders
affecting these regions to be more severe and perhaps
requiring multimodal therapeutic interventions. For
females, with improved understanding of regional brain
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activity during emotion processing, we may be in a posi-
tion to explain the neurobiology of increased vulnera-
bility to depression. Finally, the measures employed in
this work seem sensitive to variability in healthy people
and may therefore serve as endophenotypic markers of

REFERENCES

1. Bickley PG, Keith TZ, Wolfle LM. The three-stratum theory of cognitive
abilities: test of the structure of intelligence across the life span. Intelligence.
1995;20:309-328.

2. Birren JE, Fisher LM. Aging and speed of behavior: possible consequences
for psychological functioning. Annu Rev Psychol. 1995;46:329-353.

3. Chalfonte BL, Johnson MK. Feature memory and binding in young and
older adults. Mem Cognit. 1996;24:403-416.

4. Craik Fl, McDowd JM. Age differences in recall and recognition. J Exp
Psychol Learn Mem Cognit. 1987;13:474-479.

5. Curran T, Schacter DL. Implicit memory: what must theories of amnesia
explain? In: Mayes AR, Downes JJ, John J, et al, eds. Theories of Organic
Amnesia. Hove, UK: Psychology Press/Erlbaum Taylor & Francis; 1997:37-47.
6. Reber PJ, Squire LR. Encapsulation of implicit and explicit memory in
sequence learning. J Cognit Neurosci. 1998;10:248-263.

7. Salthouse TA, Hambrick DZ, McGuthry KE. Shared age-related influences
on cognitive and noncognitive variables. Psychol Aging.1998;13:486-500.

8. Schacter DL, Norman KA, Koustaal W. The cognitive neuroscience of con-
structive memory. Annu Rev Psychol. 1998;49:289-318.

9. Squire LR, Zola SM. Episodic memory, semantic memory, and amnesia.
Hippocampus. 1998;8:205-211.

10. Verhaeghen P, Salthouse TA. Meta-analyses of age-cognition relations
in adulthood: estimates of linear and nonlinear age effects and structural
models. Psychol Bull. 1997;122:231-249.

11. Caplan PJ, Crawford M, Hyde JS, Richardson JTE. Gender Differences in
Human Cognition. New York, NY: Oxford University Press; 1997.

12. Collins DW, Kimura D. A large sex difference on a two-dimensional men-
tal rotation task. Behav Neurosci. 1997;111:845-849.

13. Delgado AR, Prieto G. Sex differences in visuospatial ability: do perfor-
mance factors play such an important role? Mem Cognit. 1996,;24:504-510.
14. McGivern RF, Huston JP, Byrd D, King T, Siegle GJ, Reilly J. Sex differences
in visual recognition memory: support for a sex-related difference in atten-
tion in adults and children. Brain Cogn. 1997;34:323-336.

15. Seidlitz L, Diener E. Sex differences in the recall of affective experiences.
J Pers Soc Psychol. 1998;74:262-271.

16. Silverman I, Phillips K, Silverman LK. Homogeneity of effect sizes for sex
across spatial tests and cultures: implications for hormonal theories. Brain
Cogn. 1996;31:90-94.

17. Gur RC, Moberg PJ, Gur RE. Aging and cognitive functioning. In: Forciea
M, Lavizzo-Mourey R, eds. Geriatric Secrets. Philadelphia, Pa: Hanley & Belfus;
1996:126-129.

18. Saykin AJ, Gur RC, Gur RE, et al. Normative neuropsycholgical test per-
formance: effects of age, education, gender and ethnicity. App/ Neuropsy-
chol. 1995;2:79-88.

19. Kareken DA, Gur RC, Mozley PD, et al. Cognitive functioning and neu-
roanatomic volume measures in schizophrenia. Neuropsychology. 1995;9:211-219.
20. Delis DC, Kramer JH, Kaplan E, Ober BA. California Verbal Learning Test:
Adult Version. San Antonio, Texas: Psychological Corporation; 1987.

21. Benton AL, Varney NR, Hamsher KdeS. Judgment of Line Orientation,
Form V. lowa City, lowa: University of lowa Hospitals; 1975.

22. Gur RC, Erwin RJ, Gur RE. Neurobehavioral probes for physiologic neu-
roimaging studies. Arch Gen Psychiatry. 1992;49:409-414.

23. Gur RC, Ragland JD, Moberg PJ, et al. Computerized neurocognitive
scanning: |. Methodology and validation in healthy people. Neuro-
psychopharmacology. 2001;25:766-776.

vulnerability to neuropsychiatric disorders in which sex
differences are evident and may contribute to develop-
ing genetic models. 4

Supported by NIH grants MH-43880 and MH-60722. We thank Wendy Snyder
for assistance in preparation of the manuscript.

24. Coleman AR, Moberg PJ, Ragland JD, Gur RC. Comparison of the
Halstead-Reitan and infrared light beam finger tappers. Assessment.
1997;4:277-286.

25. Glahn DC, Gur RC, Ragland JD, Censits DM, Gur RE. Reliability, perfor-
mance characteristics, construct validity, and an initial clinical application
of a visual object learning test (VOLT). Neuropsychology. 1997;11:602-612.
26. LeDoux JE. Emotion: clues from the brain. Annu Rev Psychol. 1995;46:209-
235.

27. Rolls ET. A theory of emotion and its application to understanding the
neural basis of emotion. Cognition Emotion. 1990;4:161-190.

28. Ekman P, Rosenberg EL. What the Face Reveals. New York, NY: Oxford
University Press; 1997.

29. Ekman P. Facial expressions of emotion: new findings, new questions.
Psychol Sci. 1992;3:34-38.

30. Ekman, P. Strong evidence for universals in facial expressions: a reply to
Russell’s mistaken critique. Psychol Bull. 1994;115:268-287.

31. Izard, CE. Innate and universal facial expressions: evidence from devel-
opmental and cross-cultural research. Psychol Bull. 1994;115:288-299.

32. Erwin RJ, Gur RC, Gur RE, Skolnick BE, Mawhinney-Hee M, Smailis J.
Facial emotion discrimination: I. Task construction and behavioral findings
in normals. Psychiatr Res. 1992;42:231-240.

33. Davidson RJ, Ekman P, Saron CD, Senulis JA, Forest WV. Approach-with-
drawal and cerebral asymmetry: emotional expression and brain physiolo-
gy |. J Pers Soc Psychol. 1990;58:330-341.

34. Schneider F, Gur RC, Gur RE, Muenz L. Standardized mood induction
with happy and sad facial expressions. Psychiatr Res. 1994;51:19-31.

35. Lang PJ. The varieties of emotional experience: a meditation on James-
Lange theory. Psychol Rev. 1994;101:211-221.

36. Borod J. Brain mechanisms underlying facial, prosodic, and lexical emo-
tional expression: behavioral evidence from brain-damaged and normal
adults. Neuropsychology. 1993;7:745-757.

37. Cancelliere AE, Kertesz A. Lesion localization in acquired deficits of emo-
tional expression and comprehension. Brain Cogn. 1990;13:133-147.

38. Heilman KH. The neurobiology of emotional experience. J Neuropsychiatr
Clin Neurosci. 1997;9:439-448.

39. Borod J, Haywood JC, Santschi C, Koff E. Neuropsychological aspects of
facial asymmetry during emotional expression: a review of the normal adult
literature. Neuropsychol Rev. 1997,7:41-60.

40. Sackeim HA, Gur RC. Lateral asymmetry in intensity of emotional expres-
sion. Neuropsychology. 1978;16:473-481.

41. Hesse FW, Kauer G, Spies K. Effects of emotion-related surface similar-
ity in analogical problem solving. Am J Psychol. 1997;110:357-383.

42. Hyman SE. A new image of fear and emotion. Nature. 1998;393:417-418.
43. Mesulam MM. From sensation to cognition. Brain. 1998;121:1013-1052.
44. Baker SC, Frith CD, Dolan RJ. The interaction between mood and cog-
nitive function studied with PET. Psychol Med. 1997;27:565-578.

45. Carlson LE, Sherwin BB. Steroid hormones, memory and mood in a
healthy elderly population. Psychoneuroendocrinology. 1998;23:583-603.
46. Drevets WC, Raichle ME. Reciprocal suppression of regional cerebral
blood flow during emotional versus higher cognitive processes: implications
for interactions between emotion and cognition. Cognition Emotion.
1998;12:353-385.

47. Heller W, Nitschke JB. Regional brain activity in emotion: a framework for
understanding cognition in depression. Cognition Emotion. 1997;11:637-661.
48. Hess U, Philippot P, Blairy S. Facial reactions to emotional facial expres-
sions: affect or cognition? Cognition Emotion. 1998;12:509-531.

207



Clinical research

Diferencias de sexo en el envejecimiento:
cognicion, emociones y estudios de neuro-
imagenes

El sexo y el envejecimiento moderan las relaciones
entre el cerebro y la conducta. Los avances en las
neurociencias favorecen una integracion de las
mediciones neuroconductuales, neuroanatomicas y
neurofisioldgicas. En este articulo se presentan estu-
dios neuroconductuales que examinan el procesa-
miento cognitivo y de las emociones en hombres y
mujeres sanos, destacandose las diferencias de los
efectos del sexo y del envejecimiento. Los estudios
neuroanatdmicos con imadgenes de resonancia
nuclear magnética (RNM) indican que la reduccion
progresiva del volumen cerebral afecta regiones
fronto-temporales mdas en hombres que en muje-
res. Los procedimientos con imdgenes funcionales
sugieren que existen diferencias por sexo en el flujo
cerebral, en el patron del metabolismo de la
glucosa y en la actividad de los receptores. Es
importante el papel de las hormonas ovdricas para
aclarar estas relaciones observadas. Desde una
perspectiva global que incluya la esperanza de vida
y mediante la integracion de las metodologias
disponibles, se avanzara en la comprension de las
diferencias por sexo en los sujetos sanos y en los
efectos provocados por los trastornos cerebrales.

Différences selon le sexe lors du veillisse-
ment : études sur la cognition, les émotions
et I'imagerie neurologique

Le sexe et le vieillissement influent sur les relations
entre le cerveau et le comportement. Les progrés
en neurosciences rendent possible I'intégration des
mesures neurocomportementales, neuroanato-
miques et neurophysiologiques. Dans cet article,
nous présentons des études neurocomportemen-
tales qui examinent les procédés cognitifs et émo-
tionnels chez des hommes et des femmes en bonne
santé et soulignent les effets de la différence de
sexe sur le vieillissement. Des études neuroanato-
miques utilisant I'imagerie par résonance magné-
tique (IRM) indiquent que la diminution progressi-
ve du volume cérébral touche plus les régions
temporofrontales du cerveau chez les hommes que
chez les femmes. Les méthodes d’imagerie fonc-
tionnelle suggerent des différences entre sexes
pour le débit sanguin, le métabolisme du glucose
et I'activité des récepteurs. Le réle des hormones
ovariennes est important pour expliquer les rela-
tions observées. Une vue d‘ensemble a long terme
sur les différences selon le sexe, intégrant les
méthodologies existantes, fera progresser la com-
préhension des mécanismes cognitifs et émotion-
nels chez les personnes en bonne santé et au cours
des troubles mentaux.
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